Background
==========

Chronic mitral regurgitation (MR) results in a state of chronic volume overload for the left ventricle (LV), resulting in compensatory dilatation. This process, known as remodeling, is similar to changes occurring after myocardial infarction or with dilated cardiomyopathy, ultimately resulting in LV failure \[[@b1-medscimonit-18-4-cr209]--[@b5-medscimonit-18-4-cr209]\]. Mitral valve surgery for regurgitation acutely removes the condition of LV volume overload, but also increases LV afterload. Relatively few data are available documenting the changes in LV size and function over time following mitral surgery for severe regurgitation in unselected populations. We therefore examined for echocardiographic changes in LV size and function following mitral surgery in consecutive patients referred for mitral surgery. We also investigated the effect of clinical and surgical factors on changes in LV size and function over time following surgery.

Material and Methods
====================

The cardiology database at our institution (Apollo Advance; LumeDx, Oakland, CA) was queried for subjects having mitral valve surgery performed between 1/1/01 and 12/31/06. Operative reports were reviewed to determine if concomitant coronary artery bypass graft surgery (CABGS) was performed. Subjects were included if the preoperative echocardiogram demonstrated severe MR and if they had at least one pre- and one post-operative echocardiogram. Subjects were excluded if a preoperative echocardiogram showed aortic valve stenosis (more than mild), aortic insufficiency (more than mild), mitral stenosis (any), or any prior valve prosthesis or repair. Subjects were also excluded if repair or replacement was performed on any valve other than the mitral valve. Postoperative echocardiograms demonstrating MR (more than mild) were not included since we were interested in the effect of removing MR on changes in LV size and function.

All echocardiograms were performed on Sonos 5500 or 7500 (Philips). Diameter measurements were made on the parasternal long axis view per standard echocardiographic practice. MR severity was graded per standard criteria.

From the 108 identified subjects, 454 echocardiograms were available (277 postoperative and 177 preoperative). During the first postoperative month, 108 echoes were performed. Between one month and one year, 78 echoes were performed. After the first year, 91 more echoes were performed (range, 372 to 1,962 days).

Analysis was conducted with STATA 9.0 (College Station, TX). Normal data are presented as mean ±1 SD and compared with t-test or paired t-test as appropriate. Non-normal data are presented as median (inter-quartile range) and are compared using the Mann-Whitney test. Comparison of categorical data was performed using chi-square analysis. Linear regression was used to assess the change in cardiac chamber sizes and LV fractional shortening over time, both before and after cardiac surgery. Multiple linear regression was performed to test for confounding and interaction. Variables of interest were age, sex, race, CABGS at the time of mitral surgery, presence of mitral leaflet disease (opposed to functional MR), mitral valve replacement (opposed to repair), and low ejection fraction (\<50%).

Results
=======

The clinical characteristics and demographics of the study sample at the time of surgery are shown in [Table 1](#t1-medscimonit-18-4-cr209){ref-type="table"}. Compared to those without CABGS, subjects with CABGS more often had functional MR. Subjects with and without CABGS were similar with respect to age, sex, prevalence of mitral replacement (as opposed to repair), LV ejection fraction (eyeball method), LV fractional shortening (measured), LV systolic and diastolic diameters, left atrial (LA) diameter, body mass index (BMI), and race.

[Figure 1](#f1-medscimonit-18-4-cr209){ref-type="fig"} displays the LV diastolic diameter (LVDD) of all subjects relative to the number of days before and days after mitral valve surgery. LVDD was smaller on postoperative echoes compared to preoperative exams (53±9 mm *vs.* 57±9 mm, p\<0.001), largely reflecting a change in the LVDD occurring at the time of surgery. Although there was a slight downward trend, the regression line reflecting the change in LVDD over time following mitral valve surgery (beta=−0.5 mm/year \[95% CI: −1.5, 0.5\], p=0.4) did not show a significant secular trend. When patients were stratified by CABGS performance, the regression line reflecting the change in LVDD over time did not demonstrate a significant secular trend in either group \[CABG (β= −0.02 mm/year \[95% CI: −1.2, 1.2\], p=0.98); No CABG (β= −0.9 mm/year \[95% CI: −2.5, 0.8\], p=0.3)\]. Using multiple linear regression, the interaction term for CABG and change in LV diameter was not significant (p=0.42), indicating that the change in LV diameter over time was not significantly different between those with and without CABG. Despite the lack of statistical significance, the downward trend over time in the group without CABG is noteworthy, especially since no such trend is seen in the group without CABG ([Figure 2](#f2-medscimonit-18-4-cr209){ref-type="fig"}). Because the sample sizes are fairly small in the subgroups, it is plausible that there is a true difference between the groups that was not detected. No significant secular trends in postoperative LVDD were seen when stratified by MR etiology (functional *vs.* degenerative), by surgery type (repair *vs.* replacement), by the presence or absence of mitral leaflet disease, or by ejection fraction. Using multivariate linear regression to adjust for potential confounders, the coefficient for LVDD still did not show a significant secular change ([Table 2](#t2-medscimonit-18-4-cr209){ref-type="table"}).

LV fractional shortening (FS) was unchanged on postoperative echoes compared to preoperative exams (22±12% *vs.* 22±11%, p=0.71). Overall, LV fractional shortening increased by 1.6% per year (95% CI: 0.3, 2.9, p=0.02) after surgery ([Figure 3](#f3-medscimonit-18-4-cr209){ref-type="fig"}). Postoperative secular trends in LV FS, stratified by CABGS performance are displayed in [Figure 4](#f4-medscimonit-18-4-cr209){ref-type="fig"}. The regression line reflecting the change in LV FS over time following surgery was significant for an increase in LV FS in those without CABGS (beta=2.3% per year \[95% CI: 0.4, 4.2\], p=0.02). LV FS did not demonstrate a significant change over time in those with CABG (β=1.1% per year, 95% CI: −0.5, 2.7, p=0.20). Using multiple linear regression, the interaction term for CABGS and change in LV FS over time was not significant (p=0.42), indicating that the change in LV FS over time was not significantly different between those with and without CABGS. This is intuitive from the regression lines, which appear to have a similar slope in those with and without CABGS ([Figure 4](#f4-medscimonit-18-4-cr209){ref-type="fig"}). Increase in LV FS over time was confined almost entirely to those who had decreased LVEF at baseline \[Low LVEF (β=7.7% per year \[95% CI: 2.1, 13.3\], p=0.07); Normal LVEF (β=0.4% per year \[95% CI: −2.7, 3.6\], p=0.78)\]. No significant secular trends in postoperative LV FS were seen when stratified by MR etiology (functional *vs.* degenerative), by surgery type (repair *vs.* replacement), or by the presence or absence of mitral leaflet disease. Using multivariate linear regression to adjust for potential confounders, the coefficient for LV FS remained significant for an increase over time after mitral valve surgery ([Table 2](#t2-medscimonit-18-4-cr209){ref-type="table"}).

The same analysis performed above for LVDD was repeated to examine for changes in LA diameter over time, both before and after MV surgery. Regression of LA diameter with time after surgery (beta=0.3 mm/year \[95% CI: −0.7, 1.3\], p=0.4) did not show significant secular trends. Mean LA diameter was unchanged on postoperative echoes (49±9 mm) compared to preoperative exams (51±7 mm) (p\<0.07).

Discussion
==========

We found that LV diastolic size decreased at the time of mitral valve surgery, but no subsequent change was observed during follow-up postoperatively. Postoperative LV function remained unchanged from the preoperative exams; however, function did steadily improve over time following surgery. Increase in LF function over time after surgery was mainly seen in those with reduced LV function before surgery.

Our findings are generally consistent with prior literature. Gelsomino et al. \[[@b6-medscimonit-18-4-cr209],[@b7-medscimonit-18-4-cr209]\] also found that LVDD on echocardiography decreased at the time of surgery for patients with functional regurgitation undergoing CABGS with MV repair. LVDD remained stable on follow-up exams at 1, 3 and 5 years after surgery. Similar to patients in our study, their cohort did not experience change in LV systolic function immediately following surgery. However, they did report that ejection fraction remained unchanged at 1, 3 and 5 years postoperatively. Although their study sample was large, with 251 patients, they did not include subjects with degenerative disease nor did they include subjects who did not require CABGS. They did, however, include subjects with moderate regurgitation.

Westenberg et al. \[[@b8-medscimonit-18-4-cr209]\] performed cardiac magnetic resonance imaging in 20 subjects with dilated cardiomyopathy before and after mitral valve repair without CABGS. They similarly found that LV diastolic size decreased significantly early after surgery but did not have subsequent change on repeat imaging at one year. They also found that LV ejection fraction had increased at 2 months postoperatively, with sustained improvement at one year.

Geidel et al. \[[@b9-medscimonit-18-4-cr209]\] studied 121 patients who underwent mitral repair for severe functional MR with or without CABGS. Using echocardiography, they also found that subjects had reduction in LV diastolic size immediately following surgery and that LV size did not change postoperatively by 2.5 years. LV FS was similar to preoperative values immediately after surgery, with subsequent improvement noted at 2.5 years. In contrast to our results, however, they found that the improvement in LV function that occurred during the follow-up period was limited to those that received concomitant CABGS at the time of MV surgery.

The literature is therefore consistent that LV diastolic size generally reduces at the time of mitral surgery for MR and then tends to remain stable subsequently. Similarly, all of the aforementioned studies agree that LV function generally remains similar to preoperative function in the early postoperative period. There remains some discrepancy, however, regarding subsequent improvement in LV function in the years following mitral valve surgery. Factors such as baseline LV function, type of surgery (repair *vs.* replacement), need for CABG and primary MR (compared to functional MR) likely account for differences between study populations. Gelsomino et al noted that the effect of mitral valve surgery on LV size and function can be variable. Accordingly, they described a subset of patients that experienced progressive reduction in LV size, with improved LV function over time following the early postoperative period. This group was thought to undergo a process called "reverse remodeling" and were found to have increased survival in their study.

Our investigation has several important limitations. Due to the retrospective nature of the study, echocardiograms were not acquired at pre-specified intervals. Imaging was generally acquired at the discretion of the treating clinicians. Therefore, recurrent imaging may have been preferentially acquired in those with more symptoms or in those who survived long enough to have follow-up echoes months and years after surgery.

There are several important strengths to our study that are noteworthy. Data regarding change in cardiac chamber size beyond the peri-operative period are scarce. Understanding the degree to which MV surgery interrupts the natural history of MR is extremely important. Changes in chamber size are increasingly being used as surrogate markers of prognosis in many studies of congestive heart failure \[[@b10-medscimonit-18-4-cr209]--[@b15-medscimonit-18-4-cr209]\]. Also, improved understanding of how the LV adapts to changing loading conditions is important when considering adoption of new therapies. For this reason, we excluded patients who had documented MR on postoperative exams, since loading conditions were incompletely modified in this group.

Conclusions
===========

Following MV surgery for MR, LV size becomes reduced at the time of surgery, but then remains stable over time thereafter. Improvement in LV function over time postoperatively was only seen in those without concomitant CABGS, possibly related to less baseline myocardial scarring in this group.
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###### 

Patient demographics, clinical characteristics, echo findings at the time of surgery. Normal data are presented ± SD. Non-normal data are presented \[inter-quartile range\]. Data are also present stratified by whether or not CABG was performed at the time of mitral valve surgery.

                               Overall (n=108)   CABG (n=43)    No CABG (n=65)   p-value
  ---------------------------- ----------------- -------------- ---------------- ---------
  Age (years)                  64±13             67±11          62±13            0.05
  Male (%)                     38                42             35               0.48
  Mitral replacement (%)       61                51             68               0.08
  Mitral leaflet disease (%)   40                16             35               0.03
  Median LVEF (%)              46 \[36,60\]      42 \[35,60\]   50 \[36,60\]     0.37
  Mean LVEF (%)                47±14             45±13          48±15            0.38
  LA diameter (mm)             50±8              48±8           51±8             0.09
  LV diastolic diameter        58±9              56±6           59±10            0.11
  LV systolic diameter         45±12             45±10          45±13            0.96
  Renal Insufficiency (%)      27                23             29               0.49
  Hematocrit (%)               36 \[32,41\]      36 \[32,39\]   36 \[32,40\]     0.90
  Body Mass Index              26±5              26±4           27±5             0.74
  Race                                                                           
   White (%)                   26                35             20               0.08
   Black (%)                   30                19             37               0.04
   Hispanic (%)                10                7              12               0.37
   Other/unkown (%)            34                40             31               0.35

###### 

Multivariate linear regression models. Model \#1 examines the association between LV diastolic diameter and years after surgery, adjusting for multiple potential confounders. Model \#2 examines the association between LV fractional shortening and years after surgery, adjusting for multiple potential confounders.

              Dependent variable                              Independent variables   Coefficient (β)     95% Conf Interval   p-value
  ----------- ----------------------------------------------- ----------------------- ------------------- ------------------- ---------
  Model \#1   LV diast diam (mm)                                                                                              
              Years after surgery                             −0.12 mm/year           \[−0.97, 0.73\]     0.79                
              Age (years)                                     −0.07                   \[−0.16, 0.02\]     0.13                
              Male                                                                    3.57                \[1.42, 5.71\]      0.001
              Black (c/w white)                                                       0.78                \[−2.34, 3.91\]     0.62
              Hispanic (c/w white)                            5.59                    \[1.97, 9.23\]      0.003               
              Unkn Race (c/w white)                           1.62                    \[−1.40, 4.64\]     0.29                
              CABG                                            −2.70                   \[−5.03, −0.38\]    0.02                
              EF \< 50%                                       10.03                   \[7.76, 12.32\]     \<0.001             
              Mitral leaflet disease                          −2.19                   \[−4.74, 0.36\]     0.09                
              Mitral repair                                   −0.34                   \[−2.56, 1.87\]     0.76                
  Model \#2   Fractional shortening (%) years after surgery                                                                   
              3.8 %/year                                      \[0.67, 6.88\]          0.02                                    
              Age (years)                                     0.001                   \[−0.002, 0.004\]   0.54                
              Male                                                                    −0.06               \[−0.13, 0.02\]     0.17
              Black (c/w white)                                                       0.02                \[−0.09, 0.14\]     0.67
              Hispanic (c/w white)                            0.03                    \[−0.10, 0.16\]     0.66                
              Unkn Race (c/w white)                           −0.03                   \[−0.14, 0.08\]     0.60                
              CABG                                            −0.02                   \[−0.11, 0.06\]     0.58                
              EF \< 50%                                       −0.007                  \[−0.09, 0.08\]     0.86                
              Mitral leaflet disease                          0.09                    \[−0.004, 0.18\]    0.06                
              Mitral repair                                   0.01                    \[−0.07, 0.09\]     0.10                
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